Turkey supports the coal sector providing both production and investment subsidies. Eliminating production subsidies leads to a 2.5% decline in total CO2(eq) by 2030. Additionally, removal of regional investment subsidies reduces CO2(eq) by 5.4%. The macro-effects of both scenarios are found to be quite small. Coal subsidies could be transferred to the financing of green policy alternatives. 
Introduction
As a developing middle-income country, Turkey is facing increased demand for electricity and utilization of primary energy sources. The Ministry of Energy and Natural Resources (MENR) estimates indicate that per capita energy use rose from 1276 kgoe (kilograms of oil equivalent) in 2005 to 1663 kgoe in 2013. Total energy demand currently stands at 135.3 millions toe (tons of oil equivalent). These signal a significant projected expansion of energy demand in the next decade. Official figures project substantial pressures for continued increase in energy demand, with installed capacity expected to grow from 64 GW in 2014 to approximately 120 GW in 2023 (Acar et al., 2015) . The implication of these expectations is that Turkey has not attained stability with respect to its energy demand per capita. Supporting the expected level of growth in demand is in itself a challenge, requiring significant investments in generation capacity and energy infrastructure, as well as continuation of the energy market reforms initiated in the 2000s. However, Turkey is also grappling with the challenges of ensuring a cost-competitive energy supply for its population and the industrial sectors, attaining energy security, and realizing emissions reduction.
Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/enpol Our proposed analysis looks at how current policy meets these challenges, focusing on plans for expansion of coal-fired power and renewable energy generation, and asking what role the existing coal subsidies play in the broad policy mix. Available rudimentary data reveal that subsidies to coal mining and coal-fired electricity generation amount to 730 million USD in 2013, or 11 USD per MWh of generation (Acar et al., 2015) . This corresponds roughly to 0.1% of the aggregate GDP. By contrast, subsidies to renewable energy sources are dwarfed against the coal subsidization programme.
In this study we investigate the macroeconomic and environmental effects of Turkey's existing coal subsidies using an applied general equilibrium model of the computable general equilibrium (CGE) variety. Prospecting on the 2015-2030 macroeconomic path of the Turkish economy, our analytical apparatus focuses on the direct and indirect incentivization of coal mining, exploration, and power generation. With the aid of a set of alternative policy scenarios against a business as usual path, we evaluate the environmental gains of abatement through the removal of these subsidies, and study the regional and sectorial performances of growth, employment, investment and capital accumulation, consumption/ welfare, trade balance, and emissions.
The paper is organized as follows: as a continuation of this section, we document the extent and characteristics of Turkey's energy policy, the subsidization of coal in particular. In Section 2, we introduce the salient features of the algebraic equations of the CGE model along with the data sources in Section 3. Next, we report and discuss the results of our policy analysis, using the CGE apparatus as a social laboratory in Section 4, while Section 5 concludes.
Aspects of Turkey's energy policy and CO2 emissions
Turkey has been experiencing a dramatic structural change with respect to its escalated utilization of electricity and primary energy sources. In line with its growing population and GDP, it has been facing increased energy demand in the recent decades. In 2013, installed electricity capacity reached a level of 64,000 MW, more than 12-times the 1980 capacity level (TEIAS, 2013) . The bulk of electricity generation stems from the utilization of fossil fuels, comprised of mainly natural gas and coal. In 2013, gross electricity generation was composed of 44% natural gas, 27% hard coal and lignite, 25% hydro, 3% wind, and a negligible share of geothermal power. Since the country does not own any significant oil or gas reserves, it is highly dependent on energy imports. IEA (2014) reports that, in 2012, energy imports accounted for more than 80% of total primary energy supply. Within this composition, 99% of total gas demand, 93% of oil and 55% of coal were imported from various countries.
In order to decrease the reliance on foreign energy sources, ensure energy security, and meet the growing energy demand, Turkey has pursued strong commitment to utilization of all the domestic coal resources, together with its plans to install three nuclear power plants in the near future. On the other hand, the potential of renewable resources such as solar, geothermal, and wind remains hugely untapped in producing energy. The focus on coal has gone so far as to announce the year 2012 as "the year of coal". In all the ten-year development plans as well as strategy documents of the Ministry of Energy and Natural Resources (MENR), boosting coal mining and coal-fired electricity generation appears to be among the priorities of the country, with a strong emphasis on the need to increase investments, extend exploration and rehabilitation budgets, and introduce new incentives to the coal sector. For instance, in the 2015-2019 Strategic Plan of the MENR, coal resources are targeted to be utilized to the most efficient extent possible and generation of electricity from domestic coal is aimed to reach an annual level of 60 billion kWh by the end of the plan period. In order to attain these targets, investments in the sector will be accelerated and new reserves will have to be explored. Similarly, in the Tenth Development Plan, the desire to intensify the efforts to explore new lignite reserves (as well as oil and gas) is repeated. As part of the program, available coal fields that are ready to be operated will be transferred to the private sector via the "royalty tender system", public coal-fired power plants will be rehabilitated and investments to build new coalfired power plants will be facilitated (p. 196) .
Coal is still a widely used energy source in the international arena. Data from IEA (2014) reveal that the share of coal in world electricity production rose from 37.4% in 1990 to 40.3% in 2012. Some of this production owes to the availability of generous subsidies provided by governments to the coal sector in many countries. These subsidies are usually designed in order to lower the cost of coal-fired electricity production, increase the price received by energy producers, or decrease the price paid by energy consumers. They take several forms ranging from direct financial transfers and tax exemptions to market price support and provision of services below market rates (provision of land, water, infrastructure, permissions, etc.) based on the WTO definition (WTO, 1994) . The cost of fossil fuel subsidies, covering oil, gas and coal subsidies, globally totalled US$ 548 billion, which was four times more than renewable energy subsidies in 2013 according to IEA (2014) .
Fossil fuel subsidies in Turkey are mainly comprised of coal subsidies. The most substantial of producer subsidies to coal is direct transfers from the Undersecretariat of Treasury to the hard coal sector in the form of capital and duty loss payments. These transfers are provided with the aims of subsidizing local employment in the hard coal mining regions and amounted up to around US$ 300 million in 2013. Besides, the government supports the coal sector with R&D expenditures, funding for the rehabilitation of hard coal mines and coal power stations, exploration budgets, funding of new coal power plants and investment guarantees to some coal power plants as well as distribution of free coal to poor families as part of its social policy program. Yet, some of the support measures remain unquantifiable since they are not purely financial transfer mechanisms. For instance, exemptions from environmental regulation including temporary exemptions for existing coal plants and permissive environmental impact assessment procedures enable most of the coal projects to be implemented although they are harmful to the environment (Acar et al., 2015, pp. 8-11) . Furthermore, Turkey introduced a new investment incentive scheme in 2012, which is comprised of various instruments, ranging from VAT and customs duty exemption, income or corporate tax reduction to social security premium support to the employer, interest support and land allocation. Defined as "priority areas", new coal mining and power generation projects are subsidized within the regional investment incentive scheme with the most generous measures of Regions V and VI.
Using the data for quantifiable incentives in 2013, Acar et al. (2015) estimate a producer subsidy for coal of around US$0.01 per kWh, which increases to US$0.02 per kWh when coal aid to consumers is included. In 2013, total amount of subsidies to the coal sector reached 0.1% of GDP. Needless to say, these figures serve as an underestimate of the total subsidy amount since they do not cover incentives such as investment guarantees, ease of access to credit, exemption from value-added tax and import duties (within the regional investment incentive scheme), or any of the other subsidies identified, which are expected to be significant. Moreover, based purely on production costs, coal is currently only marginally cheaper than onshore wind and significantly cheaper than solar PV. Yet, adding the identified subsidies and the external costs (such as health and environmental damages), coal becomes more expensive than the alternative renewables such as wind and solar power (Acar et al., 2015) . It has to be noted that this assessment is still based on highly incomplete data on coal subsidies and the failure to estimate full social costs of coal. Extending the analysis to include the dynamic effects towards 2030, a recent report by the WWF-Turkey together with Bloomberg New Energy Finance (BNEF, 2014) argues that accounting for decreases in financial costs of renewable technologies and associated declines in subsidies; both solar PV and wind will likely become much cheaper than coal-fired power generation in Turkey. Estimates from various scientific reports (see e.g. Fraunhofer ISE, 2013) confirm that coal power will remain behind renewable energy technologies as an expensive technology, whereas renewable technologies are expected to get cheaper in the next few decades. However, taking advantage of this fall in costs is likely to prove difficult if the energy sector has already configured its technical and institutional structure to support coal-fired generation, and where financial support to the coal industry has become part of the established status quo. This may lead to the danger of, what is termed by Aghion and others, as path dependence; that is, firms might be "locked" in dirty technologies. Given the distorted price signals, firms with a history of dirty innovations may be further led to innovate towards maintaining dirty technologies and creating path-dependence in the long run (Aghion, 2014) .
As a natural consequence of its energy and subsidy policy, Turkey is simultaneously grappling with the challenge of combating climate change. Although the country does not contribute much to the global level of emissions (around 1% of the world's greenhouse gas (GHG) emissions according to UNFCCC, 2013) , it experiences the fastest increase in GHG emissions with respect to its counterparts in the OECD. Aggregate CO2 emissions have increased by 2.8 times since 1990, reaching a level of 403.55 million tons of CO2(eq) in 2010. Fig. 1 demonstrates that over half of these emissions arise from energy combustion, followed by industrial processes, household waste and agriculture respectively. The fact that energy combustion in electricity production releases the highest amount of emissions is because electricity is mainly generated from fossil fuels. Among various industries, cement and iron and steel sectors are the most emission-intensive ones.
These figures reveal that the structure of the current energy and industrial sectors and the existing coal subsidies in Turkey exacerbate the climate change problem triggering higher levels of GHG emissions. As a result of the rapid increase in energy supply embodying a coal-biased composition, the already high rate of increase in emissions will likely to get even worse.
To test this hypothesis, we make use of an applied CGE model. We study the economic and environmental impacts of the current coal subsidy scheme and test various scenarios for the impact of the removal of these subsidies.
Methodology: the analytical model
The model is composed of 12 production sectors spanned over two regionalization bodies for the Turkish economy as High versus Low Income; a representative private household to carry out savings-consumption decisions; a government to implement public policies towards environmental abatement; and a "rest of the world" account to resolve balance of payments transactions. Antecedents of the model rest on the seminal contributions of the CGE analyses on gaseous pollutants, energy utilization, and economics of climate change for Turkey as narrated in Lise (2006) , Kumbaroglu (2003) , Sahin (2004) , Vural (2009), and Telli et al. (2008) , Akin-Olcum and Yeldan (2013) Voyvoda and Yeldan (2011) and Bouzaher et al. (2015) . All these, however, were based on national aggregates. Yet, given the official focus on regional investment and subsidization programme of Turkey, we find it pertinent to work with a regional diversification. Such an exercise was implemented in Yeldan et al. (2013 Yeldan et al. ( , 2014 in the context of duality of middle income versus poverty traps of the Turkish socioeconomic structure. Here, we follow their procedure for compilation of data at the regional level. More details of this procedure are narrated in Section 3.
Commodity structure and regional commodity markets
In this modeling attempt, in the absence of an official regional I/ O data, we follow the procedure of Yeldan et al. (2013 Yeldan et al. ( , 2014 in setting a regional differentiation of the components of final demand. Aggregate national accounts are decomposed into two regions: High and Low Income. Based on this decomposition, we generate a "final good aggregate" in macroeconomic demand based on product differentiation and imperfect substitution a la Armington (1969) . The Armingtonian composite good structure is . We extend this notion across regions, and decompose the sectorial domesticallyproduced good aggregate, DC i , into the regional sources as,
forms the aggregate domestic good along an imperfect substitution specification of the Armington aggregate. Aggregate composite good (absorption) is then given as a CES aggregation of imports M i and domestic good aggregate DC i ,
On the production side, production activities are differentiated given regional data on production, employment, and exports.
Production technology and gaseous pollutants
In each sector i, production of gross output is modelled as a two-stage activity. At the top stage gross output of region R, sector i is given by an expanded Cobb-Douglas functional of the form:
In (3), A denotes exogenously determined total factor productivity (TFP) parameter; and K, LF, and LI are the physical capital, formal labor and informal (vulnerable) labor, respectively. Each sector uses intermediate inputs IN j i , as derived from the I/O data. The variable E denotes the energy composite aggregate comprised of three environmentally-sensitive activities of energy generation, viz. coal, petroleum and gas, and electricity. At the lower end of the two-stage characterization of sectorial output, this energy composite is determined by a CES function of its components:
Under the given energy production technology, optimum mix of inputs of CO, PG, and EL is determined by equating their marginal rate of technical substitution to their respective (input) prices, as to be affected by possible fiscal policy: Table 2 Input-output Table, 2010 (at basic prices) (Millions TL).
where t ENV is the relevant tax instrument on the pollutant activity, and s is the elasticity of substitution with σ = ( + ϱ) 1/ 1 . Sectorial demands for capital, labor, and the remaining intermediate inputs follow the conventional optimization rules with equating marginal products with their respective input prices. The production technology for gross output in (3) is of constant returns; thus,
We capture the aggregate CO2 emissions in each sector (and region) from three sources of origin: primary energy combustion (EE), secondary energy combustion (SE), and industrial processes (IND). In our specification, secondary energy combustion is due to utilization of refined petroleum (RP), and emissions from industrial processes are derived exclusively from iron and steel (IS) and cement (CE). Making use of the aggregate energy material balances data we map each sector's CO2 emissions to these major sources with the aid of the following summary table:
Depending on the source of origin of the gaseous ( ) CO eq 2 emissions we specify distinct mechanisms. For capturing emissions from the primary energy combustion activities we set
and for the combustion of secondary energy source (refined petroleum) we implement,
The parameter ϵ j i R , , in (8) summarizes the energy use coefficients as calibrated from the Material Energy Balances Tables to set the composition of emissions from primary energy via combustion of coal and petroleum and gas in each sector. The z RP i R , , parameter in (9) similarly narrates the emission coefficient due to combustion of RP. The traditional input-output coefficient,
is responsive to price signals via optimization on costs, given technology (3). This is in contrast to the traditional CGE analyses where a j i , is typically regarded fixed as in a Leontieff technology. Emissions from industrial processes are recognized within iron and steel (IS) and cement (CE). These emissions are simply regarded as proportional to respective real output:
Emissions from agricultural processes are similarly set proportional to agricultural gross output. Emissions of non-CO2 gasses (CH4, F and NO2) are set proportional to the primary energy combustion activities. Thus, ( ) CO eq 2 emissions of CH4 become:
as for CH4 from waste,
Households' demand for energy results in a further source of ( ) CO eq 2 emissions. This is regarded as proportional to the household consumption of basic fuels, viz. coal and refined petroleum. Thus,
2 emissions is the sum of each of these sources:
Labor markets, income generation and general equilibrium
We distinguish two types of labor: formal and informal/vulnerable. Based on ILO's specification, 1 , vulnerable employment is TR10, TR21, TR31, TR41, TR42, TR51, TR61  (2) Low-income region: TR62, TR63, TR71, TR72, TR81, TR82, TR83, TR90,TR52, TR32, TR33, TR22, TRA1, TRA2, TRB1, TRB2, TRC1, TRC2, TRC3 Note: HIGH income versus POOR Turkey is partitioned using Turkey average per capita income as the cut off. characterized by informal/unregistered employees without any social security coverage; self-employed, and unpaid family workers. The two labor categories obey different labor market characteristics. We set the formal wage rates exogenously given, calibrated above the otherwise market clearing wage rate to generate the level of regional unemployment rates as of 2010. Thus, the formal labor market clears by quantity adjustments on employment,
The informal/vulnerable labor market, on the other hand, operates with fully flexible wages. The low level of informal wages is a symptomatic proxy for poverty of vulnerable labor.
Over periods, the regional labor markets are linked by migration. This is based on (expected) wage differences across the high income versus low income Turkey, and is driven along the classic Harris-Todaro (1970) specification. Thus, given the migrants from each labor type, l ¼LF,LI
where
is the expected wage rate of labor type-l (¼ LF, LI) in the high income region, and μ l is a calibration parameter.
Given MIG l (t), based on wage expectations from region-High, labor supplies evolve according to,
Capital stocks evolve given fixed investments net of depreciation. Allocation of aggregate net investment funds to sectors (investment by sector of destination) is accomplished through the calculus of regional profitability. Given sectorial profit rates, r i R , , across region and the economy-wide average profit rate, r AVG , sectorial investment allocations,
are given by the following simple rule:
AVG
where Π i R , is the share of aggregate profits in sector i, region R. This share sets the allocation of physical investments to be reused via differences in profits in the second part of the equation.
Private household income is composed of labor wage incomes and remittances of profits from the enterprise sector. In turn, the public sector revenues comprise tax revenues from wage and capital incomes, and non-tax sources of income from various exogenous flows. The income flow of the public sector is further augmented by indirect taxes and environmental taxes. The model follows the fiscal budget constraints closely. Given public earnings, government's "transfer expenditures to households" is adjusted endogenously to sustain other components of public demand (public investment and consumption expenditures) as fixed ratios to national income.
The general equilibrium of the system is obtained via endogenous solutions on prices, wage rates and the exchange rate. Informal wage rates across regions clear regional labor markets. The balance of payments is cleared through flexible adjustments on the real exchange rate (ratio of domestic good price to imports in the CGE folklore) while the nominal conversion factor across domestic and world prices serving as the numérairé of the system.
The model is solved iteratively by updating of the annual "solutions" of the model up to 2030. Aggregate output supplies grow through three channels: (i) exogenous growth of labor supplies; (ii) investments on physical capital net of depreciation; and (iii) total factor productivity (TFP) growth, which in turn is regarded exogenous. In each period, capital stocks across regions and sectors are augmented with net investments. Regional labor supplies are increased exogenously by population growth and the migration process (see Eq. (16)). Technical factor productivity rates are updated in a Hicks-neutral manner. Formal real wage rates are updated by the cost of living level index (endogenously solved).
Data sources and calibration methodology

Construction of the regional social accounting data base
Input-Output (I/O) data at the regional level are not present in Turkey. The most recent I/O data is tabulated in 2002 by TurkStat. Given the lack of official regional data, we strive to differentiate regional economic activities based on the standard tools of CGE applications. We first update the 2002 I-O table as officially published by TurkStat to 2010 using the national income data on macro-aggregates. Then using the RAS's on sectorial shares, we obtained sectorial components of final demand. Labor remunerations are obtained from ILO and TurkStat Household Labor Force Surveys (HLFS) data.
The aggregated I/O table for 2010 is displayed below. In reaching the regional SAM (which is available upon request), we decomposed the national macro-aggregates via the shares of gross regional value added (RGVA). Based on our differentiation of the level-2 NACE-1 data, we distinguish 7 regions as "HighIncome" and 19 regions are classified under "Low Income". Data reveal that the Low Income region hosts about 60% of the total population of 73.7 million persons, and produces about 32% aggregate value added while the remaining 68% is originated in the High Income region. For further specifics of the regional macrodata, see Table below .
The SAM tabulates the micro-level I/O data along with the aggregate macro data on public sector balances and resolution of the saving-investment equilibrium. The latter discloses a current account deficit (foreign savings) of TL72.5 billion (roughly 6.5% to the GDP). The two regions identified, High versus Low Income Turkey yield the production activities; while components of aggregate national demand are revealed by way of imperfect substitution in demand, and are calibrated through standard methods of the Armingtonian composite system. This procedure is definitely a poor alternative to a more direct approach based on regionally differentiated production structures. This, however, would necessitate regional input-output data along with regional material balances. In the absence of official and/or independent data at the regional level, we had to resort to the Armingtonian imperfect substitutability framework based on cost optimization.
Note that the specification here is designed only to capture the regionally differentiated component of (investment) subsidization, and should not be regarded as a detailed structural characterization of the dualistic (fragmented) patterns of production attributable to the Turkish economy, an issue which is clearly beyond the scope of this paper. 
Parametrization of gaseous pollutants
A total of 411.74 million tons of ( ) CO eq 2 was reportedly released in Turkey in 2010. TurkStat data distinguish this sum into four sources: energy combustion (284.8 mtons), industrial processes (60.0 mtons), agricultural processes (39.8 mtons), and waste (27.2 mtons). At a different level of aggregation, 326.1 mtons of this sum is due to emissions of CO2, 60.44 mtons is due to emissions of CH4; 19.48 mtons to N 2 O, and 5.72 mtons to F-gasses.
In order to direct these data into sectorial sources of origin, we make use of the TurkStat data as reported to the UNFCCC inventory system. The original data on greenhouse gas source and sink categories are used whenever it was possible to make a direct connection between the sectors recognized in the official data and the sectors distinguished in the model: agriculture, refined petroleum, cement, iron and steel, and electricity. We have allocated the remaining unaccounted CO2 emissions by the share of sectorial intermediate input demand to the aggregate. This exercise yields the following summarization of ( ) CO eq 2 emissions across production sectors and other activities.
Using data in the above table we first calculate total sectorial emissions, CO2 i TOT . This sum is then decomposed into three main sources of origin, emissions from combustion of primary energy (EE) and of secondary energy (SE), and from industrial processes (IND). This is done with the aid of 
The coefficient z RP i , is then calibrated by (Tables 2 and 3 
For distinguishing this aggregate into the regional activities, regional shares of sectorial output had been used. Ideally the source of ( ) CO eq 2 emissions ought to be used for regions. However, in the absence of precise data across regional measurements, we had to abstain from making ad hoc specifications. For the EE sources of ( ) CO eq 2 emissions across sectors (for ∈ j CO and PG) we follow a similar procedure and find CO2 j i EE , from data displayed in Table 4 by applying the ε j i , for ∈ j CO and PG.
Calibration of the labor markets
Two types of labor are distinguished in the model: formal (LF) and informal/vulnerable (LI). The characterization is based on the ILO's definition of vulnerable employment as: informal (unregistered employment that is under any social security coverage) þ self-employed þ unpaid family labor. Based on these criteria, total employment of 22,594 thousand workers is distributed across regions and sectors using the HLFS data of TurkStat. See Table 5 for parametrization of the labor markets.
In setting the formal labor share in national income, the I/O Wage and Salary data is used. Using this point data, we then used the formal/vulnerable employment shares from the HLFS data to reach aggregate wage income data of the informal/vulnerable labor. Finally, by using the sectorial income shares of the I/O table sectorial/regional wage remunerations across labor types are obtained. Full data is summarized in Table 5 above. 4. Results and discussion of the policy analysis 4.1. The "business-as-usual" base path
Following the general CGE tradition, we start by integrating a "business-as-usual" base path into our analysis. This will be used as a reference path to assess the macroeconomic and environmental performance of our policy scenarios.
Over this path we first introduce the projections of the exogenously specified flows and parameters. "Population" growth rates for the two labor types across regions are adapted from the UN projections and TurkStat data, and are set at 2% per annum for low income region; and 0.8% for the high income region. The migration elasticity parameter in Eq. (16) is taken as 0.05 for both labor types. Capital stocks are updated by new (fixed) investments net of depreciation. Both the depreciation rate and sectorial/regional total factor productivity (TFP) growth rates (growth rate of A in Eq. (3) above) are adjusted to obtain the projected growth of the domestic economy over 2015-2030, at the rate of 4% per annum. Detailed official growth projections are given for Turkey, albeit on a very rough analytical backing, and for a short duration. The Medium Term Programme, for instance, follows a 5% target in its macroeconomic projections over 2014-2017. In contrast, OECD (2014) and IMF's World Economic Outlook (2015, April) projections suggest that the Turkish growth rates will likely be on the order of 3.5-4.0% over the next decade. Stockholm Environment Institute's Climate Equity Reference Calculator (C-EQR) also uses a 3.6% rate of growth per annum in its projections for the Turkish economy towards 2030. Given these international evidence and data, we adopted the average annual growth target of 4% as our base path rate over the 2015-2030 horizon. This assumption brings the aggregate real GDP to 2371 billion TRY in 2030 (in fixed 2010 prices), with an aggregate gross production of 3145 billion TRY in the high income region, and of 1864 billion TRY in the low income region (see Table 6 ).
Exogenous foreign flows are set at their historical ratios to GDP, and were gradually reduced to yield a current account deficit of 3.1% by 2030. Currently this deficit stands at around 5% and is regarded as an important source of fragility for the Turkish economy, raising concerns over its sustainability. In the labor markets, formal wage rates were maintained at their real levels by continuously updating with the "price level" as solved endogenously by the model. Finally, government's fiscal parameters are left intact at their current (historically realized) levels.
The model is solved sequentially up to 2030 with each "solution" referring to a calendar year. We document a summary of macro and environment indicators of this base path in the first part of Table 6 . With an average annual rate of growth of 4% over 2015-2030, Turkish aggregate CO2 emissions reach to 682 million tons (to 821.9 million tons of CO2(eq) gaseous emissions in total). This is reported to stand at 459 million tons of CO2(eq) in 2013 by the TurkStat (Table 7) .
In terms of efficiency, we observe that total CO2 emissions per unit of GDP initially stand at 0.535 kg per US$ GDP until 2020, and recede to 0.518 kg/$GDP by the end of 2030. This fall is due to the gains in efficiency implicitly attained by applications of the (exogenous) gains in sectorial/regional TFPs.
It has to be noted from the outset that this procedure by no means gives a projection of the domestic economy to be read from a crystal ball; but rather, should be regarded as a historically trended future path against which alternative policy environments can be contrasted. In fact, at the time of writing Turkey had reasons. One is that the assumed growth rate of GDP could have been significantly higher than our projected average rate of growth of 4%; or at comparable growth rate projections, the officially assumed path might have involved an increase in the carbon intensity per $GDP. Thirdly, the difference in the projected base paths may also be based on differences in modeling techniques. The official projection, being based mostly on a bottom-up approach, aims at cost minimization given a path of economic activity. The CGE model utilized in this study, in contrast, is based on an up-bottom approach with the level of economic activity being solved endogenously and releasing its environmental impacts as dependent outcomes. 4 In any event, the official INDC is observed to reveal an acceleration in total emissions by 155% from 459 mtons in 2013, to the projected 1175 mtons of CO2(eq) in 2030. Considering that over a period of twenty three years from 1990 to 2013 aggregate CO2(eq) emissions had increased by only a total of 110%, suggest that the official INDC projections are not in line with the recent Turkish historical pathway.
Investigating alternative policy scenarios
Given our policy questions we first intervene to the coal market and study implications of eliminating the existing subsidization scheme. To this end we first investigate the macro and environmental implications of eliminating the subsidies on coal production. As discussed in Section 1, the existing scheme of coal subsidization amounts to 730 m US$, on the average of 0.1% as a ratio to the GDP. In the first scenario we reduce this subsidy to zero.
Eliminate subsidies on coal production
Elimination of the coal subsidies generates contractionary pressures in coal production. As of 2030 coal production falls by 29% in both regions. These imply a reduction of 0.17% in the aggregate real gross domestic product by 2030, or a total 4 billion TRY in fixed 2010 prices. Gains in total CO2(eq) are on the order of 2.5% (20.3 million tons) over the base path by 2030. The bulk of these gains originates from reductions of emissions from coal combustion, 4.2 million tons in low income; 13.4 million tons in the high income region. There is a further reduction of 3.2% (3.4 million tons) of energy related emissions from the household sector. These numbers imply that CO2 emissions from energy per $ of GDP fall to 0.398 kg under the scenario, from 0.412 kg of the base path (see Table 6 ).
Clearly, all these findings are the end-result of the reallocation of resources due to the general equilibrium dynamics across sectors and regions. We find that there is a slight increase in the average unemployment rate by 0.1%, with no change in the high expenditures, yet these effects are found to be comparably small. These observations suggest that owing to substitution effects, domestic production activity helps recovery of the aggregate economy; and in the final analysis, the gains in pollution abatement are relatively noteworthy. More detailed sectorial and regional summary of these results are documented in Tables 8 through 11 .
Eliminate investment subsidies on coal
Coal mining is further subsidized under the Regional Investment Incentives Scheme (see Table 12 for a detailed outline of the scheme). Accordingly, investment expenditures on coal mining are supported by the central government to boost coal production across regions. Via reduced income or corporate taxes, the existing scheme subsidizes the cost of investments at a rate of 30% in the high income region, and by 35% in the low income region. In this scenario, in addition to eliminating producer subsidies in coal production (Scenario 1) we further eliminate the investment subsidization programme in the coal sector. The results are tabulated under the "scenario 2" part of Tables 6 through 11 , and also portrayed in Figs. 2 through 4.
We find the macro-effects of the scenario quite small. GDP loss by 2030 is only 0.5% suggesting that substitution effects on the reallocation of capital across the remaining sectors dominate. Yet, the abatement on CO2 emissions continue and in comparison to the base path the combined scenario brings about a 5.4% reduction in aggregate CO2(eq) emissions (in 2030). In the high income region reduction of CO2 emissions from coal burning reach to 42.7% and in the low income region it reaches to 42.6%. Total abatement of energy related CO2 emissions reach to 42.5 million tons (Fig. 3) , and the ratio of CO2 from energy to GDP is reduced further to 0.382 kg/$ (Fig. 4) .
It has to be noted that the model results obtained through the scenario pathways are ultimately limited to adjustments implied within the domestic economy. As discussed above, the current account deficit is an important fragility indicator for Turkish economy and energy imports is responsible for a significant share of this deficit. Therefore, any policy which alters the energy mix in Turkey is expected to have an impact on the resolution of the current account deficit. Yet, the model's closure rule specifies that even though the balance on the current account is endogenous to the model, it nevertheless depends on the inflows of foreign capital (in the form of workers' remittances, profit transfers, portfolio and foreign direct investments, and net debt flows) which are exogenously given as ratios to the GDP over the dynamic pathways. This specification sets the boundaries of adjustment in the current account balance. This is clearly an undesirable feature of our dynamic results; and yet, in the absence of any evidence on how a fiscal policy of elimination of coal subsidies night affect foreign capital inflows we had to abstain from making ad hoc assumptions on the nature of adjustments in the current account.
Conclusion and policy implications
In this paper we assessed the impact of the current arsenal of energy policy instruments (in particular coal subsidies) on macroindicators and environmental outcomes, specifically CO2 emissions in Turkey. Consequently, the implications of the removal of coal subsidies are explored. The findings suggest that elimination of production and investment subsidies for coal results in a slight reduction of GDP (by 0.5% as of 2030) but a substantial decrease in CO2 emissions both in the low and high income regions. Considering that a relatively small coal sector benefits from significant subsidies, the elimination of these motives alone will considerably benefit the environment. Notes: For investments starting as of January 1, 2015. The new investment incentives system defines certain investment areas including coal mining and coal fired power generation as "priority" areas and grants them with the regional support measures defined for Region 5, regardless of the region of investment. If the fixed investment amount in priority investments is TRY 1 billion or more, tax reduction will be applied by adding 10 points on top of the "rate of contribution to investment" available in Region 5. If priority investments are made in Region 6, the regional incentives available for this particular region shall apply. a In accordance with the measure, VAT is not paid for imported and/or domestically provided machinery and equipment within the scope of the investment encouragement certificate. b Customs duty is not paid for the machinery and equipment provided from abroad (imported) within the scope of the investment encouragement certificate. c Calculation of income or corporate tax with reduced rates until the total value reaches to the amount of contribution to the investment according to envisaged rate of contribution. d The measure stipulates that for the additional employment created by the investment, employer's share of social security premium on portions of labor wages corresponding to amount of legal minimum wage, will be covered by the Ministry. e Refers to allocation of land to the investments with investment incentive certificates, if any in that province in accordance with the rules and principles determined by the Ministry of Finance. f Interest support, is a financial support instrument, provided for the loans with a term of at least one year obtained within the frame of the investment encouragement certificate. The measure stipulates that a certain portion of the interest/profit share regarding the loan equivalent of at most 70% of the fixed investment amount registered in the certificate will be covered by the Ministry. g The measure stipulates that for the additional employment created by the investment, employee's share of social security premium on portions of labor wages corresponding to amount of legal minimum wage, will be covered by the Ministry. The measure is applicable only for the investments to be made in Region 6 within the scope of an investment encouragement certificate. h The measure stipulates that the income tax regarding the additional employment generated by the investment within the scope of the investment encouragement certificate will not be liable to withholding. The measure is applicable only for the investments to be made in Region 6 within the scope of an investment encouragement certificate.
On the other hand, while Turkey has ambitious plans for deployment of renewable energy, these are likely to be compromised by the continued existence of subsidies to coal-fired power generation and coal mining including the recently introduced regional development package with investment support and loan guarantees. Debate over subsidy reform is hindered by lack of transparent data in the magnitude and impacts of these subsidies. Since coal subsidies work against the competitiveness of renewable energy technologies, locks the energy sector in to the continuation of fossil-fuel-based systems, and jeopardizes investment decisions of renewable energy investors (Bridle and Kitson, 2014) , elimination of coal subsidies and redirecting these funds towards renewable energy, green jobs, or CO2 mitigation in general will likely prove efficiency and social welfare improvement.
Apart from the ambitions to increase coal utilization in the country, Turkish environmental policies currently rely on gasoline and fuel taxes. However, the impacts and economic effects of the taxation/subsidization policies are not analytically investigated, and there is an acute need for development of such a framework. In fact, in the absence of any viable substitute energy sources, it is clear that polices based only on the fiscal motives of excise taxation will not suffice to achieve significant results for mitigation, and they ought to cover many other innovations of policy such as earmarking of the pollution tax monies and encouraging mitigation investment towards reduced energy intensities (Acar et al., 2014) . Hence, there is a strong need for the construction and utilization of analytical models that can account for the general equilibrium effects for environmental policy analysis, especially under the discipline of dynamic general equilibrium. We believe that our model sheds light on the effectiveness of such policies and their potential impacts in the future.
As an extension of this work, viable policy alternatives can be put forward in order to help the greening of the economy. Coal subsidies could be transferred to the development of renewable energy and green jobs while the environmentally harmful impacts could be mitigated. Coal subsidy phase-out would decrease CO2 emissions, decrease the fiscal burden, and has the potential to generate green jobs and green energy. Switching from subsidization of coal to development of renewables promises a win-winwin strategy for a cleaner environment, for decreased dependence on fuel imports, and expansion of renewables. Besides, alternative public policy intervention mechanisms could be developed to accelerate technology adoption and achieve higher employment, energy security, and sustainable growth patterns.
